Long-period variation has also been stated to occur in its subsurface in relation to the long-term water circulation change (e.g., Ono et al., 2001; Watanabe et al., 2001; Andreev and Watanabe, 2002; Emerson et al., 2004) . A distinct amount of anthropogenic carbon is pumped down from the mixed layer of this region into the North Pacific Intermediate Water (Tsunogai et al., 1993; Ono et al., 2000a Ono et al., , 2003 , the formation rate of which, and hence the annual flux of anthropogenic carbon, is also expected to be changed by long-term water circulation change Ono et al., 2002 Ono et al., , 2003 . The Oyashio region, the westernmost branch of the WSNP, is a good candidate for the assessment of such carbon dy-
Introduction
The Western Subarctic North Pacific (WSNP) is an important oceanic zone in the oceanic natural and/or anthropogenic carbon cycle. Dissolved inorganic carbon (DIC) in the mixed layer shows a large seasonal variation of up to 140~160 µmol/kg Wong et al., 2002) due to strong vertical mixing in winter and subsequent great biological activity in spring.
namics, since carbon parameters and related chemical species, such as nutrients, have been measured along several repeat observation lines. Although we have a twoyear time series data from station KNOT in the center of WSNP (Nojiri, 1998; Tsurushima et al., 2002; Imai et al., 2002) , the Oyashio region has over 30 years of time series data for several hydrographic/geochemical parameters (e.g., Ono et al., 2001 Ono et al., , 2002 Chiba et al., 2004; Tadokoro et al., 2005) . Furthermore, several institutes have measured DIC in this region from 1996 to the present, the aggregate of which gives an eight-year time series. The main purpose of this paper is therefore 1) to compile current DIC data in this region to obtain a climatological view of its seasonal variation; and 2) to assess both simi-*See the text for each acronym of PIs. larities and differences in pattern and/or amplitude of seasonal variation in the mixed layer between KNOT and the Oyashio region. We also address: 3) the interannual variability of DIC in this region; and finally we evaluate: 4) the contribution of biological and hydrological processes to the observed seasonal DIC variation in the Oyashio region.
Data
Hokkaido National Fisheries Research Institute (HNFRI) maintains a repeat hydrographic observation line called A-line (Kasai et al., 1997 (Kasai et al., , 2001 Saito et al., 1998 Saito et al., , 2002 in the Oyashio region, and 16 cross-sections of carbon parameters such as DIC and titration alkalinity (Talk) along this line have been observed intermittently from 1996 to the present (Table 1 , map shown in Fig. 1 (Midorikawa et al., 2003) . Regular observations are made of surface waters, and vertical observations are sometimes added (Table 1) . We have compiled these databases for use in this study.
Four institutes (Hokkaido University (HU), NRIFS, HNFRI, and Meteorological Research Institute (MRI), see Table 1 ) were responsible for the measurement of DIC. The measurement technique is basically the same for all these institutes and is similar to the DOE standard method (DOE, 1994) . Detailed methods for water sampling and measurement of DIC are listed in Ono et al. (1998) for HU, Ono and Sasaki (1999) for NRIFS and HNFRI, and Ishii et al. (1998) for MRI. All DIC samples used here were preserved after water sampling for several months until measured, and this preservation causes a rather high uncertainty in the DIC data of ~5 µmol/kg in the case of NRIFS and HNFRI, although the measurement precision of these institutes was usually ~2 µmol/kg (Ono and Sasaki, 1999) . For HU and MRI, preservation has no effect on the uncertainty of DIC data. All institutes used SIO reference material (DOE, 1994) , and possible offset between the data of each institute is judged to be negligible based on the results of SIO-CRM. We further assessed offset by comparing deep-water DIC observed by each institute in the Oyashio region, and the results are shown in Subsection 3.1.
Other hydrographic and biogeochemical parameters such as salinity and nutrient are routinely measured both on the A-line and HMO cruises, and are available at the A-line HP (http://ss.hnf.affrc.go.jp/a-line/index_e.html) and Japan Meteorological Agency Data Report of Oceanographic Observations CD-ROMs (JMA, 1999 (JMA, -2003 , respectively. Procedures for water sampling/measurement and precision of each parameters are listed in Saito et al. (2002) for the A-line and in Midorikawa et al. (2003) for HMO, respectively.
Among these data, we selected only the stations at which the 100 m water temperature was below 5°C as representatives of the Oyashio domain (Kawai, 1972) . As a result, 42 vertical profiles from 10 m down to 800 m and 321 surface-DIC data were selected from 1996 to 2004 and used for the analysis.
Results

Uncertainty assessment of compiled DIC database and interannual variation of DIC in the Oyashio subsurface
Although the offsets of DIC data between each laboratory are judged to be zero, based on the analytical data of SIO-CRM, we further assessed inter-laboratory uncertainty based on the observation results of deep waters. This is essential if we really want to get a precise database, especially in the case the data are obtained over a long time span. Lamb et al. (2002) also assessed the internal consistency of a North Pacific WOCE carbonate data set based on the observation results in deep waters, and found that there is sometimes an unexpected offset between WOCE cruises, even if both cruise are judged to have no offset based on the SIO-CRM results.
Data of five sections observed along the A-line in May (HK9605, SY9705, HK0105, HK0205, and HK0305), in which DIC are measured by four different laboratories (Table 1) , were selected and plotted in the single T-S diagram shown as Fig. 2(a) . The area where data of all five cruises overlap are cut from the whole ( Fig. 2(b) ) and the data in this selected area are re-plotted into a density-T field ( Fig. 2(c) ). Finally, data on a single density-T profile are chosen from the density-T field as a "virtual standard water column (VSWC)" (Fig.  2(d) ). In this final data selection, shape of the VSWC plot is determined ad hoc so that as many data as possible from each cruise are retained in the VSWC. DIC data corresponding to the T-S data on VSWC are then plotted against density ( Fig. 3(a) ) or corresponding silicate data ( Fig. 3(b) ) to check the offset.
In the VSWC dataset, DIC on isopycnals below 27.2σ θ (ca. below ~600 m depth) show a standard deviation of ~5 µmol/kg, or the same value as that of the measurement uncertainty of NRIFS/HNFRI data. DIC values in a silicate concentration horizon larger than 100 µmol/kg also show a constant standard deviation of ~5 µmol/kg. From these results, we conclude that the offset of DIC among four institutes is less than 5 µmol/kg, or below the measurement uncertainty during these eight years.
Figure 3(a) also shows that the standard deviation of DIC does not increase from 5 µmol/kg even in the 26.65σ θ isopycnals, suggesting that the interannual variation of DIC was lower than this value during these years. The anthropogenic increase of DIC corresponding to the increase of atmospheric carbon dioxide concentration is expected to be less than 0.5 µmol/kg/y in this region (e.g., Ono et al., 2000b) , and thus the 8-year increase of DIC due to the anthropogenic effect is well below the detection limit of our database. Ono et al. (2001) discovered the existence of a bidecadal oscillation in the subsurface concentration of apparent oxygen utilization, which suggests that DIC also shows natural long-term oscillations. This again does not conflict with the low interannual DIC variation observed in the present study, however, because the period from 1996 to 2003 is a peak phase of the AOU bidecadal oscillation where interannual variation is the smallest . On the isopycnals shallower than 26.6σ θ , on the other hand, DIC showed large interannual variation ( Fig. 3(a) ). This seems to be due mainly to the difference in timing of spring biological activity, however, because a plot of DIC against silicate shows small interannual variations even in these shallow layers ( Fig. 3(b) ).
Climatology of seasonal variation of DIC in the Oyashio mixed layer
A collection of 321 surface-DIC data and 42 10m-DIC data have been gathered, normalized to 35 psu salinity, and then averaged for each month to construct climatology of mixed layer DIC seasonal variation in the Oyashio region. A similar calculation was done also for PO 4 , and both results are shown in Fig. 4 . Salinity-normalized DIC and PO 4 (NDIC and NPO 4 , respectively) show almost parallel seasonal variations, with a maximum in January (NDIC = 2253 ± 30 µmol/kg and NPO 4 = 1.49 ± 0.32 µmol/kg) and a minimum in September (NDIC = 2077 ± 16 µmol/kg and NPO 4 = 0.20 ± 0.12 µmol/kg). The amplitude of seasonal variation is 176 µmol/kg and 1.28 µmol/kg for NDIC and NPO 4 , respectively. Tsurushima et al. (2002) estimated the amplitude of NDIC seasonal variation at KNOT as ~140 µmol/kg, but this may be an underestimate as they lacked winter DIC data and hence did not catch the true NDIC maximum. Wong et al. (2002) , on the other hand, compiled surface NDIC data obtained by voluntary observation ship cruises with complete seasonal coverage and estimated the amplitude of NDIC seasonal variation as 160 µmol/kg for an average value of the southern-half of WSNP. The seasonal amplitude of NDIC observed in the present study is almost the same as that obtained by Wong et al. (2002) . Wong et al. (2002) also detected a seasonal NDIC maximum in March and a minimum in September, respectively, in the southern half of WSNP. The Oyashio mixed layer shows its NDIC minimum in September, but the NDIC maximum is anticipated to lie closer to January. The timing of the nutrient maximum in the Oyashio mixed layer, however, is a matter for further discussion: Saito et al. (2002) detected a seasonal nutrient maximum in the Oyashio mixed layer in March, based on the analysis of data from the whole A-line. Because our database has few data in March, we may have missed the true seasonal peak signal in the winter season. Wong et al. (2002) , on the other hand, estimated the seasonal amplitude of NDIC in the northern half of WSNP as ~120 µmol/kg. Midorikawa et al. (2002) also estimated the seasonal amplitude of NDIC at the center of the western subarctic North Pacific Gyre (48°N, 165°E) as 87-101 µmol/kg. These results suggest that there is a large difference in seasonal carbon cycle between the southern and northern halves of WSNP, and the present results suggest that the Oyashio region rather resembles the southern half than the northern one. The standard deviation of a monthly average of NDIC varied from ±12 µmol/kg (October) to ±44 µmol/kg (May), with an average of ±30 µmol/kg. This result first enables us to assess the extent of bias that might be included in previous studies based on a single observation in the Oyashio region (e.g., Ono et al., 1998 Ono et al., , 2000a Ono et al., , 2003 Ono and Sasaki, 1999) . That is, every single value of NDIC measured in the Oyashio region may have an uncertainty of ±30 µmol/kg for the representativity of this region. If we wish to decrease this uncertainty to the extent of measurement uncertainty, say ~5 µmol/kg, we need to use an average NDIC value obtained from more than 36 data (ca. 30/36 0.5 = 5). The largest variability of NDIC is shown in April and May, in which the standard deviation of monthly average counts ±40 µmol/kg and ±44 µmol/kg, respectively. This is not surprising because a large spring bloom occurs during these months (e.g., Kasai et al., 1997) and the distribution of many bio-active substances (ca. nutrients and DIC) show the greatest patchiness during this period (e.g., Sasaki et al., 1998; .
The drawdown of both PO 4 and DIC is also largest during February and April (Fig. 4) , in when NDIC decreases from 2229 µmol/kg to 2148 µmol/kg. In the period from April to June, on the other hand, NDIC shows a rather small decrease from 2148 µmol/kg (April) to 2098 µmol/kg (June). NPO 4 also shows larger drawdown during the period from February to April than that from April to June. This is a somewhat unexpected result because biomass and gross primary production are often greater in May than in April (e.g., Kasai et al., 1997; Saito et al., 2002) . This may indicate that the f-ratio in the Oyashio mixed layer is larger in April than in the May-June period, or that some other factors, such as exchange of water mass, may occur during the February-April period. We readdress this problem in Subsection 4.2. Tsurushima et al. (2002) showed that the most significant drawdown of NDIC occurs during the period from May to July in KNOT, and a similar pattern of seasonal NDIC drawdown was also observed by Wong et al. (2002) in the southern WNSP. These results suggest that spring blooms occur earlier in the Oyashio region than in the southern WNSP, which is a significant feature of this re- gion. In the period from June to September, on the other hand, NDIC decreases only slightly, from 2098 µmol/kg (June) to 2077 µmol/kg (September).
Seasonal variation in the NDIC vertical profile near the mixed layer
The seasonal variation of the vertical profile of NDIC in a shallow layer (ca. ~100 m in depth) was also evaluated using 42 vertical NDIC data. NDIC values obtained at six standard depths (10 m, 20 m, 30 m, 50 m, 75 m, and 100 m) were interpolated in each vertical profile, and the average NDIC value was calculated for each month at each standard depth. If the number of profiles in a month was less than three, no average NDIC profile was calculated for that month. Figure 5(a) shows the monthly-average NDIC vertical profile obtained in the top 100 m of the Oyashio region. Monthly-average vertical profiles of potential density calculated from the corresponding data are also shown in Fig. 5(b) .
NDIC profile is almost flat from surface down to 100 m in January, and then a vertical gradient develops with time as surface NDIC decreases. The vertical gradient of NDIC is mainly limited to the top 50 m (Fig. 5(a) ), corresponding to the fact that a seasonal density gradient is developed only in the top 50 m of the water column (Fig.  5(b) ). Beneath 50 m, on the other hand, NDIC tends to increase after spring (Fig. 5(a) ). On the 100 m isobath, NDIC lies in the range 2230-2245 µmol/kg from January to May, but is around 2290 µmol/kg after July. Such a seasonal increase of NDIC below the mixed layer was also observed by Ono and Sasaki (1999) and explained as the result of both organic decomposition below the mixed layer and the vertical supply of NDIC after the development of the seasonal pycnocline.
The change in the inventory of NDIC in the top 50 m of Oyashio water column was calculated from Fig. 5(a) and is shown in Table 2 . The decrease of DIC inventory from January to October was 50 gC/m 2 . Considering that an autumn bloom sometimes occurs in the Oyashio region (Saito et al., 2002) , and that some nutrient should be incorporated into the Oyashio mixed layer by vertical mixing during the autumn bloom, annual net community production should be slightly larger than this value. Tsurushima et al. (2002) also estimated annual NPP in the KNOT from the net decrease of mixed layer NDIC and obtained a value of 58 gC/m 2 . These figures suggest that annual net community production in the Oyashio region is the same as that of the southern half of WSNP. Midorikawa et al. (2002) , on the other hand, estimated annual NPP in the northern half of WSNP as more than 41 gC/m 2 .
Discussion
Similarity and difference in dynamics of DIC between WSNP and Oyashio region
The present results show a significant resemblance between southern WSNP and the Oyashio region in the amplitude of seasonal variation of both NDIC concentration and water column inventories in the mixed layer. A seasonal drawdown of surface NDIC occurs in early April in the Oyashio region, which is much earlier than that observed in KNOT and southern WNSP . Despite this difference in the timing of the seasonal NDIC drawdown, however, a seasonal NDIC minimum in the surface mixed layer occurs in the same month (September) in both the Oyashio region and southern WNSP. Indeed, several studies have indicated that the Oyashio region exhibits not the only same seasonal variation as the southern WSNP but also the same long-term variation, such as a multi-decadal increase of AOU in the subsurface Watanabe et al., 2001; Emerson et al., 2004) . These findings suggest that the Oyashio region is a legitimate representative of the southern half of the WSNP, including Station KNOT, at least in terms of the carbon cycle.
In terms of biology, though, many difference are reported between the Oyashio and southern WSNP. The inventory of Chla in the upper 200 m of the water column is at most 100 mg/m 2 in KNOT (Liu et al., 2002) while it is greater than 260 mg/m 2 in the Oyashio region at the time of peak spring bloom (Saito et al., 2002) . Although diatoms with <2 µn diameter dominate in both Oyashio and KNOT in the non-bloom period (Shinada et al., 2001; Imai et al., 2002) , high productivity is often associated with large-sized diatoms in the Oyashio region (e.g., Odate, 1996) , while the size-composition of Chla does not change significantly between in-bloom and out-of-bloom periods at Stn. KNOT . The observed significant resemblance in the bulk carbon dynamics between the Oyashio and WSNP, despite these biological differences, thus constitutes an interesting problem. One possible explanation is that the limiting factor of net community production is same in both regions, and the supply of that limiting factor is also the same in both regions. We have already seen that nutrient concentrations in the wintertime mixed layer are almost the same in the Oyashio and WSNP, and these nutrients are almost exhausted within a year in both regions. In the waters east of KNOT, a significant amount of major nutrient remains in the summer mixed layer (e.g., Wong et al., 2002) , suggesting that other components such as iron are playing the lore of a limiting factor of ecosystems in these water masses. In the KNOT and the Oyashio region, however, these "other" components seem to be sufficient in summer until the major nutrients are consumed to exhaustion. If such nutrient dynamics prescribes the size of annual net production in both regions, the observed resemblance should occur between them, whatever differences exist in their biology.
Contribution of biological and hydrological processes to the NDIC seasonal variation
Although the present arguments accept the Oyashio region as a representative of southern WSNP, we should still consider the fact that DIC in the Oyashio waters might experience the impact of water exchange between surrounding water masses, such as lateral mixing with Kuroshio-oriented water (e.g., Kono, 1997) and seasonal intrusion of Okhotsk sea water (e.g., Kono and Kawasaki, 1997) . To assess the contribution of biological and hydrological processes to the seasonal variation of NDIC in the Oyashio mixed layer, we introduce a new parameter, Cp0, calculated according to the following equation: Cp0 = NDIC obs -106·NPO 4 .
(
This value, which first appeared in Tsunogai (1997) , denotes the component of NDIC in the water mass that can never be used by ordinary ocean biology. Cp0 is thus roughly conservative against biological activities in the ocean mixed layer. Tsurushima et al. (2002) , on the other hand, estimated the average rate of air-sea CO 2 flux as less than 4 mmol/m 2 /day in the periods from May to August and from January to February. Assuming that the average depth of the ocean mixed layer in the Oyashio region is 50 m (Fig. 5(b) ), this result indicates that the gas exchange rate in WSNP is low enough to take several tens of days to change NDIC concentration in the mixed layer by 5 µmol/kg. If we calculate Cp0 time series in the Oyashio mixed layer and detect significant change in it within several months, we can therefore interpret this as the effect of water exchange.
Cp0 was calculated for all Oyashio mixed-layer NDIC data and then averaged for each month to evaluate average effect of water exchange in mixed layer NDIC (Fig. 6 ). Two regimes with constant Cp0 values (Cp0 = 2080 ± 1 µmol/kg from January to April and Cp0 = 2063 ± 6 µmol/kg from May to November, respectively) are observed, and a sudden jump in Cp0 between these two regimes is observed in the period from April to May and from November to December, respectively. The relatively constant Cp0 value in each regime indicates that there is little hydrographic effect in the climatology of NDIC seasonal variation within these periods. A 16 µmol/ kg shift of Cp0 between the regimes, on the other hand, indicates that this amount of non-biological (i.e., hydrographic) change in NDIC occurs during this period, although this NDIC change is masked by the ~30 µmol/ kg error in the present mixed layer climatology (Fig. 4(a) ).
(Note: The above inference implicitly assumes that observed Cp0 difference is not caused by a change of phosphate but a change of DIC. Indeed, we cannot easily conceive a possible source of ~0.16 µmol/kg phosphate increase without any effect on DIC concentration. On the other hand, we can enumerate several sources of DIC change without any changes in PO 4 , such as rapid air-sea exchange of CO 2 and change in alkalinity by mixing of different water masses. Unfortunately, so far, we cannot determine a particular source of this observed Cp0 change because of the lack of information on other parameters such as alkalinity.)
When accounting for this hydrographic NDIC variation, 160 µmol/kg in the 176 µmol/kg of observed NDIC seasonal variation is attributed to biologically-generated seasonal variation. This value is quite similar to that observed at Station KNOT, where no hydrographic NDIC variation is assumed to occur, further indicating resemblance of carbon dynamics between two oceanic regions.
Feature distingwishing the modification of Oyashio water properties from those of WNSP: An indication from Cp0-S plot
To examine further the source of Cp0 change between two regimes, the Cp0 values of all Oyashio mixed-layer data are plotted against salinity in Fig. 7(a) . Both mode and geographic median of the Cp0-S plot are located in the area 2040 ≤ Cp0 ≤ 2080 and 32.8 ≤ S ≤ 33.6 (Square 0 in Fig. 7(a) ), within which 57% of the whole data set is plotted. Indeed, all the Cp0-S plot of the waters above the 26.6σ θ isopycnals along the WOCE P1r line (along 47°N, http://cdiac.esd.ornl.gov/oceans/woce_p01.html) west of 165°E fall in this square (Fig. 7(b) ). As this density surface represents the typical winter mixed layer in the southern WSNP, including the WOCE-P1r line, we assume that the Cp0-S plot of the Oyashio mixed layer water first originates in this area 0, and then spreads towards three braches: 1) high-Cp0 and low salinity; 2) lowCp0 and low salinity; or 3) low-Cp0 but high salinity. The geographic location of each end member of the Cp0-S plot (Circles 1-3 in Fig. 7(a) ) was investigated, and we found that each end member has a distinct feature in the geographic and/or seasonal distribution (Fig. 8) . The end member 1) distributes only in the area near the coast of Hokkaido island from January to April. End member 2), on the other hand, distributes near the southern edge of the Oyashio region in each cruise. End member 3) is only observed in the warm water stream penetrating the Oyashio domain. The Cp0-S plot in the core of the Kuroshio extension locates near area 3 (data not shown), indicating that the shift of Cp0-S plot from area 0 to 3 is caused by simple water exchange with the Kuroshio-oriented warm waters, including the warm core ring. The low-Cp0 source of area 2, the Oyashio southern edge, is unknown so far. As these waters flow through the Oyashio first branch that locates nearshore of Honshu Island, some coastal processes, such as non-Redfield stoichiometry in biological processes, may have lowered the Cp0 in this water mass. The end member 1 may be identified as the Coastal Oyashio Water (COW) based on the geographic distribution and its particularly low salinity, while source of high Cp0 is still unresolved. COW contains a large amount of Okhotsk surface water, the alkalinity of which is affected by river outflows, including Amur river, and sea-ice melt waters. While the specific alkalinity (and hence Cp0) of river outflow is generally high (e.g., Schlosser et al., 2002; Anderson et al., 2004) , ice melt waters are known to have relatively low specific alkalinity (Anderson and Jones, 1985) . Hence the Cp0 of COW is greatly affected by its specific alkalinity; a detailed analysis of the formation process and alkalinity balance of the COW is needed to explain the observed high Cp0 in the COW. We are now investigating DIC and alkalinity in COW and the results will appear elsewhere.
All plots with Cp0 greater than 2100 µmol/kg are observed only in the period from January to April (solid circles in Fig. 7(a) ), indicating that inclusion of COW in the open Oyashio region is limited to these months, and this causes the larger Oyashio-average Cp0 compared to other months shown in Fig. 6 . In the period from May to November, on the other hand, Oyashio Cp0 does not increase significantly from that of area 0, although downward shifts towards the areas 2 and 3 are sometimes observed even in these months (open circles in Fig. 7(a) ). In particular, we note that the average value of the mixed layer Cp0 during these months is not changed from that Fig. 8 . a) Geographical location of water masses where the salinity-Cp0 plot falls in area 1 in Fig. 7 . All data in area 1 were observed near the Hokkaido Island's coast from January to April. b) Same as a) but for area 2 in Fig. 7 . All the data in area 2 were observed in Apr. 1998 (solid circles) and May 1996 (Xs) cruises, and in each cruise data were obtained along the Oyashio Front recognized as the steepest north-south water temperature gradient in the SST field (solid and broken line for Apr. 1998 and May 1996, respectively). c) As a) but for area 3 in Fig. 7 
Conclusion
Throughout the present study, general resemblances have been revealed between Oyashio mixed layer and that in the southern WSNP. Both regions show similar seasonal carbon dynamics, both in amplitude and timing of minimum, although the timing of seasonal NDIC maximum in the Oyashio mixed layer retains some uncertainty. The size of annual net community production estimated from the annual change in the mixed layer NDIC inventory is also similar between both regions. Analysis of Cp0 further indicates that NDIC values (and probably PO 4 too) also do not change between Oyashio and southern WSNP due to non-biological processes, although the Oyashio mixed-layer NDIC might have increased by 16 µmol/kg from the WSNP mixed layer on average due to the entrainment of COW during the months from January to April. These signals allow us to use Oyashio mixed layer as a representative of southern WSNP, at least from the point of view of carbon dynamics. This finding is of great benefits for us, because the Oyashio region is far closer to Japan and so it is far easier to obtain data than in the open WSNP.
The present results show only 16 µmol/kg of seasonal Cp0 variation in the Oyashio mixed layer, which indicates that the remaining 160 µmol/kg in the 176 µmol/kg of observed NDIC seasonal variation in this domain is caused by biological processes. This finding suggests the predominance of biological processes in the seasonal-scale carbon dynamics in the Oyashio mixed layer, despite the complicated water exchange that occurs in this region. Besides a seasonal variation, we have detected some interannual variation in the NDIC profile of the top of water column, which again is linked to the interannual variation of nutrients and thus is thought to be associated with biological processes.
Many studies have analyzed carbon dynamics based on the data of a single survey, and this is possibly the first study to give a climatological view of carbon dynamics in an oceanic region based on the statistics drown from multiple data. Our results clearly show the potential errors of former studies based on a single data set in the Oyashio region, in which ~30 µmol/kg of uncertainty is involved for each one-time DIC data value in terms of areal representativity. The situation will be same for other oceanic regions, especially for areas where biological activities are high. Several studies have assessed the representativity of single pCO 2 data based on their spatiotemporal variability (e.g., Zeng et al., 1999; Murphy et al., 2001) . We may have to make a similar assessment of oceanic DIC data in future, especially for regions where pCO 2 variation is very high.
